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[3] .
Hamilton
Hamilton . Hamilton
1
, 1 Lagrange O—xyz .
x n % m
2= z(x,y), Y= Y x L
z' = z2(%,yi); x = % ¥ J
7 = z2(xj,v) -
1 1.1 -

i -1 i1 :
vie = [Uit‘x? UiZ]T = l} (I’ = 17 27 by n;.] - 1 = 07 17 27 tth m)a
)jez [1j6}‘7 UjE‘z],rz l} (J = 17 27 cee My L_ 1 = 07 17 27 tth n)7

LU= [dad), U= [Eadr. v ok i z
J ¥ z ,ui v i x J y
w i j
1.2 -
i j-1 j i- 1 :
P=[p.pi]'= mb (i= 1,2 unj-1= 012 -..m),
P=7p.pl]"'=mve (j= L2 smii-1= 012 ... n),
Py Pt i % z P P Jooy z

i j-1 j 1— 1
Ki(vVe) = mvlvi/2, Li(P') = P"P/(2m)
(i= 1,2, vyn;j— 1= 0, 1,2, -y m),
Ky(ve)= méiAs2, Li(P) = PP /(2m)

(j= L2 comsi=- 1= 0,1,2, -, n).

1.3 (43
i -1 -1 :
(Noc+ Ni)x+ go= p2 [(No+ Ne)(z'+ w') o] o+ ¢ = p3

(Now+ Ni) o+ gi= mid', [(Now+ No)(z'+ w') o]+ ¢ = mw',
i= L2 «yn;j-1=0,1,2 .., m,
(Noy+ Ny )y + d= ph [(Noo+ Ny)(Z+ w)s]v+ ¢-= po

(1a)
(1b)
s Uiey Uiez

(2a)
(2b)

(3a,b)
(3c, d)

(4a,b)
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(Noy+ Ny )y + o= m’, [(Noy+ N (Z+ w) ]+ ¢ = mi, (4c, d)
j=1L2 «.omyi- 1= 012 .., n,
, Noe N, i ,NL N, i
: ( ). Nbew= 0, (Noz's) .= 0,
No.y = 0.(NoZ ) y= 0. ¢ ¢ i z 4 ¢
J y z

1.4
i -1 G -1 :
€= uat ziatet (W)/2  (i= L2 cwnij-1= 012 um),  (5a)
e=v,+ 2, + (W,)72 (j= 1,2 umii- 1= 01,2 ... n), (5b)
, g 8 Green

1.5
i ji-1 j i- 1 :
Ni= EF.& €= NJ/(EF.) (i= 1,2, un;j— 1= 0,1,2, .., m), (6ab)
N, = EF, ¢ &= NJ/(EF,) (j= 1,2 -om;i- 1=0,1,2 .,n), (6cd)
E LR i
i ji-1 j i- 1
&(€)= EF.€Y2, W.(N.) = NY/(2EF)
(i= 1,2, «ynj— 1= 0,1,2, -y m),
@B(g) = EF, €72, W(N,)= NY/(2EF,)
(j=1,2 omsi- 1= 0,1,2 -y n).
1.6

1)
P J o1 :
U-0= [ujifo,wfifo]Tz Uo= [uji+o,w}+o]T: U =
(i= 1,2, .yn;j= 1,2, .., m), (7a)
U o= [%—0, M/ji—O]T= Uso = [Dji+(L u/i+(]r: U = [v’i,qu,i]T

(=12 «-.m;i=12 -4n), (7b)
. U0 U ij-1 j i j
L U-0  U+o joi-1 i i i
.U U i i i (i,
J)
2)
i Jj 1 :
To= [Tij-0.Tijoo]' = Tho= [Tijeo Tojud = T/ = [Te;, Tij)]"
(i= L2, .yn;j= 1,2, .., m), (7c)
T-o= [T;",i—O, T;,i—O]T= To= [7’;,H0, Ti,wo]T: 7 = [T;/,i, T;,i]T
(G=1,2 .m;i=12 -yn), (7d)

, Ti= (Noa+ N, Ti= [(Nb+ N (24 w') o], By = (Noy+ Ny ), T = [(Nioy+ N,)(Z
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+w') ] To T i j-1 j j J
,T-0 Tho joi-1 i i i
.T, T i i
1.7
i J :
Up= [uo wo]' = Uo= [ub, wo]' . 5ah)
L= 5 Ly ttny 1), a,
(]rln+1— [um+17wm+1] = U:n+1— [u/m+19wm+1]
UO_ 0, 0 UO_ 0, 0,
[l = [l L= L2 ). (8¢,d)
n+l: [’U]r#l, n,+l] = l]n+1: [Un+l;u/n+l]
s UO Um+1 L N UO Un+l j
1.8
i ji-1 j i-1 :
Ullx)= U(x,0)= U°
(=) (%,0) ()i 1o nij= 1= 01,2 s m), (9, b)

P%x)= P(x,0)= P°x)
o . i
Uly)= Uly,0)= Uly) (j= L2 csmii- 1= 01,2 —yn), (9d)

Po(y)— P(% )— P] (y)
L Ux) = (] x), 0 ()] U y) = 10 ) ()] P ) = [pRx), R x)]

Py = 0 T O P g po g0
i .
2
PP U UN VW,
.[o 1,1j [P~ Wen(Ni, u',w') = Bro(Ny,w')]dx +

m  n+ 1

ZZf (P8 = Wen(N, i) - HFD(Né,w)]dy}dH

n o m+1 m ol
f{ f WDL(P x, u u))dx+ ZZ WDL(PJ Ny,l/ w])dy}dt_
0 =

=1 j=

n m 1 m n+ 1
{ Zf (PU - P U0 dx + ZZf (P”Ul P‘”Uo)dy}

fry
3 n__m+1

J:)l[ Z,Z( T oU-o- Tiiolswo) +
m  n+ 1

ZZ.(T oU-o- TLwoU- 1+0)]dt_

HH Ib- I5+ IL= 0,
,loi=01lo=0. Iy Ib If IN 1,234 . Wi(N., o, w') Wa(N,, v,

M/) Bil'D(N;” wi) B@‘D(Nj).,, u/j) WDL( Péa NLU; ul> wi) WDL(P, Nj% Uia u/j)
Win(Ny, u',w') = (Noc+ No)[ulv+ 2+ (w's)72],

(10)
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Win( N, o/l ) = (Noy+ N[, + 2, + (ul,)72],
Bio(Ni,w') = (Noc+ Ni)(w'e)?/2 Bi(No, w') = (Noy+ Ny)(wly )72,
WDE(F, Ni-, ui, wi) =

u'[ph— (Now+ Nb) o]+ wi{pé— [(Noe+ Ni)(2'+ w') ] ),

W{.DE(P[,NJ)/, Uj,wj) =
VI (N Mo ]+ a{ph= [(No+ N)(Z+ ) L1}
(10) .
Hamilton ,
. (10) Bin(Ni, w')  Bo(N}, o/ )
[ 6]
N& Ny ps pi py p- (3a,b) (4a, b) (7c, d) (9. d), u' w'
Vo (1a,b) (5a,b) (7a,b) (8a) (8d) (9a,¢) , (10)

. n ml l,;i o o m  n+l » o o
J.Ol[ ZIZ]L (g’ + qaw')dx + Zl ZIJZ (g + (/zw’)dyi| dr +
ELIE - J= =L i
J:)‘[ Z{TELHU‘M- TS Uh)+ DY Tor Ui — T8 Uo)] i
i= j=1
m__ 1

|: ’Z'.WZJ. (PilTUil— Pi()r Uo)dx + ]ZZZ“ (le'r U'I_ PjUrUO)dy] _

L
Joi
=1 j=19_, =1 i

n m+ 1
J’{ ZZJ?“ [(Now+ NOJE+ (Noot Noj&— PTvJdy +
o T _—

f
m__ n+ 1 [ ) ) . . . A U
ST Vo M & (Vo + N & - P dy}dt» (1)
j=1 =19 -
R éhx = (wl, ﬁ')z/z; éb}’ = (M)], y)z/z’
(11) :
, , uh ' v Ve Ve Ve
(€+ &) (&+ &) ¢ & dv d- py pi Py ph (Noct Ni) (Nog+ V)
(11) :
3 Hamilton

31 5 (PP vV, V.N.N,E & U, U)
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(P.P) (v, Vo) :
P'Vi= Ko+ Li- BV, P), P'Ve= Kb+ Li- By(Ve, P), (12a,b)

B.(V.,P)= (P = mv)" (P’ = mvi)/(2m),
By(Ve,P)= (P = mVe) (P = mve)/(2m).
(P.P) (veVe)  (2ab) ,

P've= K.+ L, P'W.= K+ L. (13a,b)
.(10) (I P's P'®
P'B = K.- P'(vi- B)+ Li- B,
. S o 14a, b
P'G= K- P'(v.- B)+ Lj- B,. (145,b)
(NN, (€. ) ,
Nid = @+ W+ AL(E,N), Né = B+ W+ A(E N, (15a, b)
Ai(& Ny)= (Ni— EF.€)(&~ Ni/(EFy))/2,
Ay(8, Ny)= (M= EP,€)(8 - Ny/(EF}))/2.
(N Ny)  (&.8)  (6a) (6d)
Ni&= @+ ¥, Né= B+ Y. (16a, b)
,(10) 1 T — ( Wiv+ Bip) - ( Wi+ Bhn)
~ (Wip+ Bw) =- @+ Ni&- Wip— W— A - Bip, (17a)
- (WFD+ Bjm) = - CE?+ Nj) 81;.— WFD— ly;y— A{y— BjFD- (17b)
(12a, b) (15a, b) Legendre
(10) Ih- Th+ IL :
, n m+ 1 61 ) i o
Ih- Th+ Tl= _[01{ ZZJ; [Woe= (g + qaw')]dx+
m__ n+ 1 [ ) ) 4] .l. . °
;Zf/ [ Woe— (gt + 4zW’)]dY}dt+ Fep+ g+ T
n  m+ 1 o ] ) ) ) m  n+ 1 ljﬁi o ) )
[[ 3] s srae S aos it o] e
=1= 10 J=1 1= Joi-1
Tker+ IlB+ H, (18)

= [{ S0 Gom U= T Y- U+ TG - TG+
1= J=
SIS U Uy - o Yoo B+ TV T pr,
j=1i=1

For = L{ 2.20(T o= 1) Uo= (Tho- ) Uror Tol - THol]+

=1 j=

S SY(Thom T Uean (Thom B Ueor T G- Tod Up)
=T =1
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Tis = jo{ ._Z'[r;L,( U 1= Unt)— To(Us— Up) ]+
SITh(Ger- Uor) - T U= U Jhae

n__m+l /. o ) o
ZZJ.Z/J [PUIUI— (UO— UO)[PL()]d%‘l‘

m n+ 1
I [PUTUI (UO— U’O)TP'O]dy’

jlll

SR DS ZARTTRIE AT YEC AT G P

n o m+ 1 no el
Z_[ (PO~ PG dy + Zz.r (Ufmp’0 PU") dy,
i= l Jj= i~
n mtl m_ nl
™ _ sz’ [(Pll on) U] dx - ZZJ‘ [(P’1+ P’) U'ldy.
=1 j= l
o n__m+ 1 L L,
e _ sz (PHU1 iOTUil)dx ZZI (PHUI PiUTUl)dy,
=1 j=1 j=1i=1
o [7-]
(14a,b)  (17ab)  (18) (10)
Ik+ I's= 0 (19)
I Is
Ik = ,r] .[ [K‘ Pi(vi- B)- d+ N&- Win+ (g + gw')]dy+
0 =1 j=1

3L - P B @ Mg s (qu/ndy}d“

j—l i= 1
I+ I+ H (19a)
n m+l
Ty = .rl .r [Ll B.— W.— AL— Bip+ Wie— (¢u' + ¢w')]dx+
0 =1 j=1 -1
m__ n+ 1

[
ZI [L,- By— W — A - B+ Wo— (do+ q’zw’)]dy}dH

j=1 i= 1l

Fcp+ F[B+ F . ( 19b)
1 PPv/NN &é&U U (la,b)  (2a,b)
(3a,b)  (4a,b) (5a,b) (6a,¢ (7a) (7d)  (8a) (8d) (9a) (9d)
8Tk = 0, 8Ts= 0. (20a, b)
1L [s 5 Hamilton

PP V. V.N: N, € ¢
U U, (19)
32 2 (PP, U, U) — (P,P, U, U)
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(P,P) (V. V.) (2a,b) , (€, &) (U, U) (5a,b)

I p» ‘[P"TU?—Hi(P‘, U)dx +

m  n+ 1

ZZI [PTI} H(P, U)de}dH M+ Thpt I1

, Hamilton H(P U) H(P,U)
H (P, U)= L. (P‘)+ cI;[u +zha0t o+ (w')2] +
N(}x[ux+ ziao' s + (w x) /2]— (qru+ qzw)
H(F, U) = L’)»(P‘)+ Cﬁy[z/,y+ Lo+ (w,y)/2]+
No v+ 2+ (w,)%72] = (gt dad).
6IL= 0 Hamilton
i -1 G i-1 :
G=0H/0P =Hy P=-0H/0U-=-HY,
#= p,é/m W = pzi/m,
pt= [Novt EFi(do+ zhale+ (wl)/2)] 0+ g,

b= {[le EFi(u' v+ 2 a0’ v+ (w')*/2)](+ wi)tx},” .

i= 12 . n;j-1=0,1,2, .., m
U =0H/ 0P = Hf@ B=-0H/0U=- Hy,
b = pg/m, wh = pé/m,

l}@ = [N69'+ EF]J-'(U{}"F Z];y“/,)"L (Wj,y)z/z)],)"L qu,

= ([N BP(, 4 2+ (007202 + id))) s

j=L1L2 «.myi-1=0,1,2 ., n

(7a) (7d) ( 8a) (8d)
(9d)
2 PP UU (23a) (23d)  (25a)
(7d)  (8a) (8d) (9 (9d) ;
Ib Hamilton
Hamilton ,

(22a,b) (24a,b)
i -1 i- 1

[C, P = J[HY, HF]" (i= 1,2 -un;j—-1= 01,2 -um
[G P = J[Hy, He]'  (j= L2 um;i- 1=0,12 . n

-1 3
B B 5 0’2

(26a, b) Hamilion Hamilton

Hamilton s

, Hamilton

J )

(21)

(22a,b)
(23a,b)
(23¢)
(23d)

(24a,b)
(25a, b)

(25¢)
(25d)

(9a)

(25d)  (7a)

(26a)
(26b)
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Hamilton Riemann Lagrange
Euclid Newton ,
33 1 (U, U)
(P, P‘)(v‘;n/') (U.U)  (lab)  (2ab) .(&&) (U U)

1 = I{lij {K(l?)— G+ o+ (w2 -
Noftlo+ 20’ o+ (w' )2 + (g’ + qzw)}dx+

ZIJ' {K’(U‘) B+ Dl ()Y -

No [+ Zad s+ (W )72+ (g + 4;u/)}dy} di+ Tp+ Ilp-

n_mtl @ ° °
o i 1 0, T 54l
Zﬁ’ [(m1>‘ + B U e -
i=1 j=19_ .
m n+ 1

I [(m1$1+ mUO) U']dy,

JK(B) = mU B2, Ki(B)= nU" /2.
3 U, U (7a)  (7d)  (8a)  (8d)  (9a)

]lll

i -1 i— 1
[No+ EFi(u o+ 2 a0’ + (wx)/Z)] + qh= mi,
{[Nm EF.(ud o+ 2 a0 v+ (0 )%72)] (2 + w)x} o+ qé: miv'
(i= 1,2 yn:j—1=0,12 -sm),
[No+ EF(Y y+ i+ () )/2],y+ 4= mi,
(INo+ BB (0, + 20+ (0, )%2)1(3+ &) )+ dh= mid
(=12 -« .mi-1=012 .., n)
) 6L = 0.
1 1 Hamilton

Hamilton

Hamilton R
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(5a,b)

(27)

(9d)

(28a)

(28b)
(28¢)

(28d)
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Unconventional Hamilton-Type Variational Principles for
Nonlinear Elastodynamics of Orthogonal
Cable-Net Structures

LI Weihua, LUOEn, HUANG Wek jiang
( Department of Applied Mechanics and Engineering, Sun Yat-sen University,
Guan gzhou 510275, P.R. China)

Abstract: According to the basic idea of dassical yir yang complementarity and modern dual comple-
mentarity, in a simple and unified new way proposed by Luo, the unconventiona Hamilton-type varia-
tional principles for geometrically nonlinear elastodynamics of orthogonal cable-net structures can be
established systematically. The unconventional Hamilton-type variational principle can fully character-
ize the initial boundary value problem of this dynamics. An important integral relation was given,

which can be considered as the generalized principle of virtua work for geometrically nonlinear dy-
namics of orthogonal cable- net structures in mechanics. Based on this relation, it is possible not only
to obtain the prindple of virtual work for geometrically nonlinear dynamics of orthogonal cable net
structures, but also to derive systematically the complementary functionals for five-field, four field,

three-field and twe- field unconventional Hamilton-type variational prindples, and the functional for
the unconventional Hamiltor-type variaional principle in phase space and the potential energy fune-
tional for one-field unconventional Hamiltor type variaional principle for geometrically nonlinear elas-
todynamics of orthogonal cable-net structures by the generalized Legendre transformation given. Fur-
thermore, with this approach, the intrinsic relationship among various principles can be explained
clearly.

Key words: unconventional Hamiltor type variational prindple; geometric nonlinearity; elastodynam-

ics; orthogonal cable net structure; dual complementary relation; initialboundary value
problem; phase space



